The termination of serotonin (5-hydroxytryptamine, 5-HT) neurotransmission is regulated by its uptake by the 5-HT transporter (5-HTT), as well as its degradation by monoamine oxidase (MAO)-A. MAO-A deficiency results in a wide set of behavioral alterations, including perseverative behaviors and social deficits. These anomalies are likely related to 5-HTergic homeostatic imbalances; however, the role of 5-HTT in these abnormalities remains unclear. To ascertain the role of 5-HTT in the behavioral anomalies associated to MAO-A deficiency, we tested the behavioral effects of its blocker fluoxetine on perseverative, social and aggressive behaviors in transgenic animals with hypomorphic or null-allele MAO-A mutations. Acute treatment with 5-HTT blocker fluoxetine (10 mg/kg, i.p.) reduced aggressive behavior in MAO-A knockout (KO) mice and social deficits in hypomorphic MAO-A Neo mice. Furthermore, this treatment also reduced perseverative responses (including marble burying and water mist-induced grooming) in both MAO-A mutant genotypes. Both MAO-A mutant lines displayed significant reductions in 5-HTT expression across the prefrontal cortex, amygdala and striatum, as quantified by immunohistochemical detection; however, the down-regulation of 5-HTT in MAO-A Neo mice © 2014 Elsevier Ltd. All rights reserved.
was more pervasive and widespread than in their KO counterparts, possibly indicating a greater ability of the hypomorphic line to enact compensatory mechanisms with respect to 5-HT homeostasis. Collectively, these findings suggest that the behavioral deficits associated with low MAO-A activity may reflect developmental alterations of 5-HTT within 5-HTergic neurons. Furthermore, the translational implications of our results highlight 5-HT reuptake inhibition as an interesting approach for the control of aggressive outbursts in MAO-A deficient individuals.
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STUDY OBJECTIVES AND BACKGROUND
Serotonin (5-hydroxytryptamine, 5-HT) plays a fundamental role in the orchestration of emotional reactivity and in the pathophysiology of numerous mental disorders, ranging from anxiety to pathological aggression (Hensler 2006; Merens et al. 2007; Harmer 2008) . The most influential processes in the termination of 5-HT neurotransmission are its reuptake by a selective 5-HT transporter (5-HTT) and its enzymatic degradation by monoamine oxidase (MAO) A. The simultaneous inhibition of 5-HTT and MAO-A leads to higher brain 5-HT extracellular concentrations (Perry and Fuller 1992; Malagie et al. 1995; Sharp et al. 1997) , as well as reduced firing of 5-HTergic neurons in the dorsal raphë nucleus (Aghajanian et al. 1970; Blier and de Montigny 1985) . Although this background suggests the relevance of the interactions of 5-HTT and MAO-A in the modulation of 5-HTergic homeostasis, very little is currently known about the interplay of these two targets and its importance in the pathophysiology of psychiatric disorders.
Deficits in brain MAO-A levels have been shown to result in a higher predisposition to aggressiveness and antisocial personality (Alia-Klein et al. 2008; Soliman et al. 2011 ). In particular, congenital deficiency of the MAOA gene results in Brunner syndrome, a rare genetic X-linked disorder characterized by violent and antisocial conduct, perseverative behavioral patterns and mild cognitive deficits (Brunner et al. 1993) . Recent, a new case of MAO-A deficiency due to a missense mutation has been recently described to result in autism-spectrum disorder, attention deficits and self-injurious behavior (Piton et al. 2013) . In parallel, MAO-A knockout (KO) mice exhibit a number of aberrant phenotypes, including high brain concentrations of brain 5-HT and norepinephrine, dysmorphic barrel fields in the sensorimotor cortex, marked reactive aggression towards intruder conspecifics, maladaptive reactivity to environmental cues and autism-related responses (Cases et al. 1995; Vitalis et al. 1998; Godar et al. 2011; Bortolato et al. 2013a ).
While the complete deficiency of MAO-A is considered as a relatively rare circumstance, genetic variants associated with a reduction of its activity are well-documented, in relation to polymorphic variants of the MAOA gene . While low-activity allelic variations are not inherently conducive to aggressiveness, they have been associated with dysfunctional social processing and other abnormalities, which may predispose vulnerable individuals to aggressive responses in specific contexts (Caspi et al. 2002; Kim-Cohen et al. 2006) . To model these variants, our group recently characterized a novel line of hypomorphic MAO-A mutants, MAO-A Neo mice . We found that this line of mice, generated by the insertion of a neomycinresistance cassette in intron 12 of the Maoa gene, exhibits perseverative behaviors, social deficits and other subtle morphological abnormalities of the prefrontal cortex and cerebellum Alzghoul et al. 2012) ; however, unlike MAO-A KO mice, these mutants do not display overt aggression.
The abnormalities of MAO-A KO and MAO-A Neo mice are likely supported by alterations in 5-HTergic homeostasis. The role of 5-HTT in these anomalies, however, remains elusive. Previous research has shown that, in MAO-A KO mice, acute blockade of 5-HTT leads to a marked increase in extracellular 5-HT (significantly greater than that observed in wild-type controls) (Evrard et al. 2002) . Thus, we hypothesized that, if the social deficits and perseverative responses in MAO-A-deficient mice are actually supported by the increase in 5-HT levels, inhibition of 5-HTT should lead to an exacerbation of these behavioral abnormalities. Thus, in the present study we analyzed how the behavioral responses of MAO-A KO and MAO-A Neo mice may be affected by acute treatment with fluoxetine, a prototypical 5-HTT inhibitor.
MATERIALS AND METHODS

Animal husbandry
We used 3-5 month old, experimentally naïve male 129S6 mice (n=10-20 per genotype and treatment group), weighing 25-30 g. We used heterozygous MAO-A KO and MAO-A Neo dams for breeding with wild-type (WT) sires to generate MAO-A KO and hypomorphic MAO-A Neo animals as previously described . Animals were housed in group cages with ad libitum access to food and water. The room was maintained at 22°C, on a 12 h: 12 h light/dark cycle from 8 am to 8 pm. Principles of laboratory animal care were followed and experimental procedures were in compliance with the National Institute of Health guidelines and approved by the Animal Use Committees of the Universities of Cagliari, Kansas and Southern California.
Drugs
Fluoxetine hydrochloride (Sigma Aldrich, St. Louis, MO) was dissolved in 0.9% saline solution and administered via i.p. injection at 10 mg/kg (to ensure a robust inhibition of 5-HTT), 30 min prior to testing. Control mice were treated with saline.
Behavioral testing
Additional details can be found in the supplementary materials section.
Open field-Analysis of open-field locomotor activity was performed performed using Ethovision (Noldus Instruments, Wageningen, The Netherlands) as previously described . Percent locomotor activity in the center and periphery were calculated by the distance traveled in the center or periphery over the total distance traveled. Path tortuosity was defined as the average ratio of the total distance over the summation of the beelines between the points captured every 0.16 sec (arc-chord ratio).
Marble burying-Marble burying was conducted as previously described (Bortolato et al. 2009b) . Their behavior and the number of buried marbles were video recorded. A marble was considered buried if at least two-thirds of its surface area was covered in sawdust.
Water mist-induced grooming-Water mist-induced grooming was analyzed as previously detailed (Hill et al. 2007; . Overall grooming duration and frequency of grooming initiations were assessed.
Social interaction-The social interaction test was performed as previously detailed . The latency, frequency and duration of exploratory social approaches of the test animal towards the novel conspecific were measured. No fighting behaviors or tail-rattling occurred during this test.
Resident-intruder test-Aggression was tested in the resident-intruder task for 10 min as previously described . Measures included the latency to attack and the number and duration of fighting behavior.
Immunohistochemistry
To verify whether the behavioral responsiveness to 5-HTT blockade in MAO-A Neo and KO mice may reflect specific brain-regional changes in 5-HTT expression, we studied the immunoreactivity of this molecule in a behaviorally naïve cohort of animals across key brain regions for emotional regulation, including the prefrontal cortex, amygdala and hippocampus.
Immunofluorescent 5-HTT staining-Immunofluorescent 5-HTT staining was conducted as previously described (Bortolato et al. 2009a) . Adult male behaviorally naïve mice were transcardially perfused, brains were rapidly removed and post-fixed for 6 h. After repeated washing, brains were cryoprotected in 30% sucrose solution for 48 h. Coronal sections (40 m thick) were prepared with a cryostat at levels containing the selected brain areas, and immunostaining was performed on free-floating sections. The following brain regions were defined by a stereotaxic atlas (Paxinos and Franklin 2001) and analyzed: cingulate cortex areas 1 and 3 (Cg1 and Cg3) (AP+2.20), caudate-putamen (DC) (AP+0.6), NAc core and shell (AP+1.10), basolateral amygdaloid nuclei (BLA) (AP-1.34), and hippocampus (CA1, CA3 and dentate gyrus) (AP-2.70). Tissue sections were incubated for 1 hour at 20 °C in working solution o f mouse immunoglobulin-blocking reagent, prepared as specified by the manufacturer (Vector Laboratories, Burlingame, CA). Following washing, pre-blocking of tissue sections was performed with 10% normal goat serum, 1 % bovine serum albumin (Rebsam et al., 2005) and 0.2% Triton X-100 in PBS for 1 h at room temperature. Sections were incubated for 24 h at 4 °C with mouse monoclonal anti-5-HTT (1:1000; Chemicon, Temecula, CA, USA). Sections were washed and then incubated with Alexa Fluor® 488-labeled goat anti-mouse (1:250, Molecular Probes, Eugene, OR, USA) for 1 h in the dark at room temperature. The tissue sections were rinsed and mounted onto Superfrost glass slides with anti-fading solution.
Imaging and quantitative analysis of 5-HTT immunofluorescence staining-All observations were made using an Olympus IX 61 (Olympus, Hamburg, Germany) microscope equipped with 2.0, 4, 10, 20 and 60× planapochromatic oil immersion objectives. Images were taken with a 12-bit cooled F View II camera (Olympus). After capture to the computer, images were analyzed using the Cell P AnalySIS ® software module and positively stained fibers were detected. Thereafter, the percentage area of each image occupied by fibers was estimated.
Statistical analyses-Throughout the study, WT littermates of MAO-A Neo and MAO-A KO mice were combined, since both groups displayed statistically similar behavioral and morphological characteristics. Normality and homoscedasticity of data distribution were verified by using the Kolmogorov-Smirnov and Bartlett's test. Parametric analyses were performed with one-or two-way ANOVAs, as appropriate, followed by Newman-Keuls test for post-hoc comparisons of the means. Significance threshold was set at 0.05.
RESULTS
Behavioral testing
A summary of behavioral results are shown in Table 1 .
Open field-In parallel with previous findings, MAO-A Neo mice displayed aberrant locomotor patterns in the novel open field; these disturbances, however, were corrected by acute fluoxetine administration ( MAO-A Neo mice displayed a significant reduction in percent locomotor activity in the center (Fig. 1D) [genotype: F(2, 85) = 3.60; P<0.05], as well as a significant increase in the same parameter calculated on the peripheral zone of the arena (Fig. 1E) (Fig. 2C) [F(2, 64) = 24.14: P<0.001]. Post-hoc analyses showed that saline-treated MAO-A Neo mice exhibited a higher number of grooming episodes than salinetreated WT (P<0.001) and MAO-A KO (P<0.05) mice. In addition, fluoxetine significantly decreased the number of grooming episodes in MAO-A Neo (P<0.001) and MAO-A KO (P<0.05) mice, but had no effect on WT animals.
Grooming duration was increased in both MAO-A KO (P<0.01) and MAO-A Neo (P<0.001) mice, and this effect was significantly reduced by fluoxetine (Ps<0.001 for both MAO mutants). In contrast, this drug increased grooming duration in WT mice (P<0.01).
Social interaction-The latency to the first social approach was not significantly different across any combination of genotypes and treatments (Fig. 3A) . In addition, no main effects were detected for the number [genotype: F(2, 54) = 1.58; NS and treatment: F(1, 54 = 1.90; NS] or duration [genotype: F(2, 53) = 0.32 and treatment: F(2, 53) = 2.83; NS)] od the exploratory approaches. Nevertheless, significant genotype × treatment interactions were found for both measures (Fig. 3B and 3C) [approaches: F(2, 54) = 6.06; P<0.01 and duration: F(2, 53) = 6.93; P<0.01]. Post-hoc analyses revealed that fluoxetine significantly increased the duration of social interaction in MAO-A Neo mice (P<0.05).
Resident-intruder test-Similarly to the previous results, the latency to the first attack was not significantly different across any combination of genotypes and treatments. MAO-A KO mice engaged in a significantly higher number (Fig. 3E) 
Immunohistochemistry
MAO-A KO mice featured a significant reduction in 5-HTT immunoreactivity (Fig. 4) in the cingulate area 3 (P<0.05), basolateral amygdala (P<0.01), and nucleus accumbens core (P<0.001) compared to their WT counterparts. In comparison to WT and MAO-A KO animals, MAO-A Neo mice showed a significant reduction in 5-HTT immunoreactivity in the CG1 (P<0.001 and P<0.01) and CG3 (P<0.001) areas of the medial prefrontal cortex, in the basolateral amygdala (P<0.001) and in the nucleus accumbens core (P<0.001), shell (P<0.01 and P<0.05) and dorsal caudate (P<0.001) subdivisions of the striatum. Conversely, no aspecific labeling was observed when the antibody (or the appropriate secondary antibodies) was omitted from incubation (data not shown).
DISCUSSION
The results of the present study documented that acute administration of the prototypical 5-HTT blocker fluoxetine corrected several behavioral alterations observed in MAO-A Neo and KO mice, including open-field tortuosity, social deficits and aggression, as well as perseverative digging, marble-burying and grooming. Given that 5-HTT inhibition should increase 5-HT synaptic levels, these results dispel the notion that hyperserotonemia in adulthood may be ultimately responsible for the aggression in MAO-A KO and the behavioral alterations in MAO-A Neo mice; in fact, if these behavioral changes reflected high brain 5-HT concentrations, they should have been predictably exacerbated, rather than countered, by acute fluoxetine.
The aggression phenotype in MAO-A KO mice may reflect alternative disturbances in 5-HT homeostatic mechanisms. Indeed, these animals display a ~40% reduction in spontaneous firing of 5-HT neurons in the dorsal raphë (Evrard et al. 2002) . In line with this concept, reduced presynaptic corticolimbic 5-HT activity has been posited as a vulnerability factor for aggressive behaviors (Siever, 2008; Coccaro et al. 2011; Rylands et al. 2012; Coccaro, 2012) . It is possible that high 5-HT levels during early developmental stages in MAO-Adeficient animals may produce a compensatory decrease in 5-HT neuronal activity, as well as a desensitization of postsynaptic receptors. This hypothesis, however, is partially challenged by our recent finding that inhibition of 5-HT synthesis during the first week after birth failed to modify the aggression in adult MAO-A KO mice, and increased the proclivity to fight in WT littermates (Bortolato et al. 2013b ). The early developmental link between MAO A deficiency and aggression may be dependent on the activation of specific 5-HT receptors, or reflect elevated concentrations in other monoamines, such as NE or DA.
The anti-aggressive effects of fluoxetine in MAO-A mutants also parallel clinical findings showing that fluoxetine and other 5-HTT blockers attenuate aggressive responses in susceptible individuals (Coccaro and Kavoussi, 1997; New et al. 2004; Berman et al. 2009; Coccaro et al. 2009a) . Although the exact mechanism is still unclear, 5-HTT inhibitors may function to increase top-down prefrontal cortical inhibition of aggressive impulses (New et al. 2004; Siever, 2008; Coccaro et al. 2011) . Taken together, our results point to other neurochemical substrates, such as catecholamines or specific 5-HT receptors, such as 5-HT 2A receptors, rather than overall synaptic 5-HT levels, as major factors driving the aggressive and antisocial behaviors in MAO-A-deficient mice (Coccaro et al. 2003; Rosell et al. 2010) .
Previous studies by Evrard and colleagues found that acute 5-HTT blockade induced a marked increase of extracellular 5-HT levels in MAO-A KO mice, which was accompanied by a decrease in 5-HT neuronal firing in the dorsal raphe. Thus, a prima facie scrutiny of our results may lead to an apparent conundrum, since 5-HTT blockade would seemingly exacerbate, rather than attenuate, the elevation in extracellular 5-HT concentrations observed in MAO-A Neo and KO mice, yet attenuate the behavioral disturbances (Cases et al. 1995; Scott et al. 2008; . A possible explanation for this problem may lie in the dynamic alterations of 5-HT levels induced by acute fluoxetine treatment. Specifically, a rapid increase in extracellular 5-HT due to reuptake inhibition may contrast with the tonic elevation of 5-HT levels and overcome the desensitization of several subpopulations of receptors in MAO-A KO mice, such as the somatodendritic 5-HT 1A (Evrard et al. 2002) . Although the dynamic regulation of 5-HT release is still poorly understood, several authors have posited that the contrast between tonic and phasic 5-HT activity may be instrumental to attune behavioral responsiveness to environmental cues (Daw et al. 2002) . Building on this perspective, the persistent state of tonic activation of 5-HTergic synapses resulting from constitutively low MAO-A activity may blunt the ability of 5-HTergic neurons to convey differential patterns of signals to their corticolimbic projections, and contribute to the emotional impairments associated with MAO-A deficiency. Accordingly, we previously showed that MAO-A KO mice display poor defensive responsiveness to potentially threatening stimuli and manifest overt alterations in the processing of environmental information and salience . Indeed, higher rates of reactive aggression have been associated with cognitive/emotional biases in informational processing towards hostile attributes (Coccaro et al. 2009b; Murray-Close et al. 2010) . It is possible that the maladaptive informational processing in MAO-A KO animals may facilitate contextually inappropriate violent outbursts towards conspecifics.
Irrespective of the mechanism, however, these data suggest that the behavioral abnormalities in MAO-A-deficient mice are not simply reflective of the tonic elevation of 5-HT brain levels, but likely result from disturbances of the complex mechanisms subserving the regulation of 5-HTergic homeostasis. Specifically, the aggression, social deficits and behavioral inflexibility of MAO-A KO mice may be contributed by the lack of functional contrasts between tonic and phasic activity of 5-HT neurons. This theory may help account for the apparent discrepancy between the aggression in MAO-A KO mice and the commonly postulated association between hostile traits and low (rather than high) levels of brain 5-HT (Young and Leyton 2002) .
Building on previous results, we verified that MAO-A Neo mice display several elements of perseverative and repetitive behaviors. In a novel inescapable open field, MAO-A Neo mice exhibited a significant increase in thigmotaxis, as highlighted by the higher percent locomotor activity in the center and tortuosity compared to both WT and MAO-A KO counterparts.
5-HTT blockade specifically attenuated these behavioral abnormalities in MAO-A Neo mice without affecting their overall locomotor activity. High levels of thigmotaxis have been suggested to represent an increase in anxiety-related behaviors (Treit and Fundytus 1988; Simon et al. 1994) . The possibility that the high thigmotaxis in MAOA Neo mice may signify anxiety, however, is tempered by our previous findings in other well-established paradigms, such as the elevated plus-maze and the light-dark box, in which MAO-A Neo mice failed to exhibit anxiety-related responses . Alternatively, the high tortuosity and thigmotaxis of MAO-A Neo mice may signify an increase in perseverative behavioral responses (McGrath et al. 1999; Ralph et al. 2001 ) Indeed, previous findings, as well as our current results, show that MAO-A Neo mice exhibit perseverative behaviors in several paradigms . This is particularly intriguing in view of the well-known role of 5-HTT in compulsive traits (Reimold et al. 2007; Matsumoto et al. 2010; Abudy et al. 2011) . While multiple studies have found that chronic 5-HTT blockade reduces perseverative behaviors, acute fluoxetine administration has also been shown to reduce repetitive responses in different paradigms (Ichimaru et al. 1995; Boulougouris et al. 2009 ).
MAO-A Neo and MAO-A KO mice also exhibited a significant increase in repetitive behaviors in the marble burying and water mist-induced grooming tasks, two well-validated tests of compulsive-related behaviors (Hill et al. 2007; Thomas et al. 2009; . Moreover, fluoxetine administration attenuated these responses in both mutant lines. These data are paralleled by previous studies documenting acute effects of fluoxetine in behavioral rigidity (Brigman et al. 2010) . As opposed to the transgenic lines, the decreased marble burying activity in fluoxetine-treated WT mice, albeit non-significant, may be partially ascribed to the 5-HTT-induced reduction of locomotor activity as shown in the open field (Li et al. 2006) . Similarly, the anxiogenic effects of acute fluoxetine administration may have contributed to the increased water mist-induced grooming behavior in WT mice.
Fluoxetine treatment also significantly increased social exploration in MAO-A Neo , but not MAO-A KO mice. Although previous reports have shown that both mutant lines exhibit a reduction in social interactions with a novel conspecific, the lack of a significant effect in the present data may reflect the statistical design (two-way ANOVA with 3 independent factors) which requires a higher overall number. Alternatively, the absence of any effect may be due to an overall lower sample number as MAO-A Neo mice displayed a trend in the time spent in social exploration that did not quite reach statistical significance. Likewise, no genotype-specific changes were detected for the latency to first attack in the residentintruder paradigm. This discrepancy with our previous reports in which MAO-A-deficient mice exhibit a markedly lower latency to first attack, may be a result of the stressful impact of the saline injection on WT mice (Puglisi-Allegra and Oliverio 1981). Nevertheless, MAO-A KO animals showed a marked increase in both the number and duration of fighting bouts compared to other genotypes.
Fluoxetine elicited a robust decrease in the fighting duration of both MAO-A mutant lines. These data are in substantial agreement with previous research showing that blockade of 5-HTT reduces marble-burying and other compulsive features, as well as attenuates social impairments and aggressiveness (Ichimaru et al. 1995; Joel et al. 2004; Berman et al. 2009; Schilman et al. 2010; Chadman 2011; Gould et al. 2011) . The overall improvement of social functioning, in particular has been posited to reflect the effects of 5-HTT blockade on behavioral control and social information processing (Kolevzon et al. 2006; Phan et al. 2013) . These results are particularly interesting, given the clinical effectiveness of 5-HTT inhibitors in reducing perseverative symptoms in patients (Hollander and Pallanti 2002) .
Our immunohistochemical analyses revealed that MAO-A KO mice displayed marked reductions in 5-HTT expression across several key brain areas for emotional regulation, such as amygdala, nucleus accumbens core and CG3 region of the prefrontal cortex. The slight, yet significant reduction in 5-HTT brain expression in MAO-A KO mice is in line with previous binding results (Evrard et al., 2002) . MAO-A Neo animals showed even lower 5-HTT expression than their MAO-A KO counterparts and this effect encompassed most brain areas. Lower 5-HTT binding was documented in patients with obsessive-compulsive disorder, suggesting that reduced 5-HTT levels may contribute to compulsive traits (Matsumoto et al. 2010) . Although several clinical studies have found genetic variations in 5-HTT in obsessive-compulsive disorder patients (Lin 2007; Bloch et al. 2008) , our findings suggest that the reduction in 5-HTT binding may also be dependent from alterations in MAO-A activity. This intriguing possibility should be evaluated by future clinical studies in OCD patients. In this perspective, it is worth noting that, while 5-HTT is conventionally employed as a reliable quantitative marker for 5-HT neurons and fibers, our results appear to advocate caution with respect to this interpretation, given that alterations in this index may be also reflective of other abnormalities in expression and/or activity of MAO-A or other 5-HTergic molecules.
Given that MAO-A KO mice exhibit more pervasive behavioral deficits than those observed in MAO-A Neo counterparts, and in view of the ameliorative effects of 5-HTT blockade on behavioral impairments, it is possible that the phenotypic differences between the two lines may reflect their different degrees of 5-HTT down-regulation. The reduced expression of 5-HTT in MAO-A Neo mice, however, is unlikely to represent an impoverishment in 5-HT fibers in this transgenic line; indeed, WT, MAO-A Neo and MAO-A KO mice display equivalent levels of tryptophan hydroxylase 2 immunoreactivity (as quantified by immunohistochemistry with polyclonal antibodies) in the dorsal raphe nucleus (Rick Lin; personal communication). Rather, the lower 5-HTT levels in MAOA Neo mice may reflect a greater ability to enact compensatory processes to functionally modulate 5-HTergic neurons (due to the presence of low, yet functional, MAO-A protein). Alternatively, the marked decrease in 5-HTT compared to their KO counterparts may be due to variations in the penetrance and expressivity of the hypomorphic mutation, which may depend on numerous factors, including developmental and environmental components: for example, the mutated Maoa-neo chimeric transcript (or protein), albeit non-functional, may still serve other modulatory functions by interacting with other molecular targets, and modify the phenotypical outcomes of MAO-A deficiency.
In summary, our study shows that the genetic reduction and ablation of MAO-A activity results in perturbations in 5-HT homeostasis through changes in 5-HTT expression and function. These findings help clarify the functional impact of MAO-A with respect to 5-HTergic regulation. Moreover, our results indicate that acute 5-HTT blockade attenuates the social deficits, as well as perseverative behaviors exhibited by both MAO-A mutant lines. Future studies are warranted to study the acute effects of 5-HTT blockade on 5-HT release and 5-HT neuronal firing in MAO-A mutants. Subsequent experiments aimed at the delineation of region-specific roles of MAO-A and 5-HTT in the regulation of behavioral responses will be critical to define the involvement of 5-HT in aggressive behaviors and social impairments featured in neuropsychiatric disorders.
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